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Abstract 
In order to continually make a profit, It is important for companies to prevent service failure. For preventing service failure, at 
first, service designers need to extract their factors that cause service failures and to understand their relationships. However, 
service failure factors and their relations are varied compared to physical products because service failures occur due to various 
human factors. Therefore, service designers should identify the critical failure factors from a number of failure factors. On the 
other hand, each service provider has different recognition for relationships among service failure factors. Therefore, it is 
necessary to understand his/her recognition of the structure of service failure factors and to achieve a consensus to the structure. 
This paper proposes a method to identify common parts and/or differences among his/her recognition, and then, to support to 
achieve a consensus to the structure of service failure factors. The proposed method is verified through its application to a 
practical case. 
© 2014 The Authors. Published by Elsevier B.V. 
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1. Introduction 
Service has received attention as an approach to fulfilling 
customer needs. Based on this background, the authors aim at 
proposing a methodology for designing services from an 
engineering viewpoint [1]. In order to build or maintain long-
term relationships with customers and to make a profit 
continuously, it is important for service providers to offer 
highly reliable services. Reliability is defined as the ability of 
a device to operate successfully or for a specific period of time. 
In addition, in order to enhance reliability, it is important to 
quickly and effectively restore a device to normal operation 
after a failure. Since services are produced and consumed at 
the same time, it is difficult to detect failures before offering 
service. Therefore, it is important to cope with these failures in 
the design stage. To do so, service designers need to identify 
critical factors that could cause service failure and take 
appropriate measures against these failure factors. However, 
compared with physical products, service failures are caused 
by various factors, such as human factors. From the 
viewpoints of resources such as money and time cost, it is not 
practical to take measures against all service failure factors [2]. 
Therefore, it is necessary to identify the critical failure factors 
that significantly influence the target service failure. 
In a product field, critical failure factors are identified with 
reference to the design information that represents the physical 
and system structures of the product. On the other hand, in a 
service field, service failure factors must be identified by 
discussion among relevant parties, because the design 
information that represents service structure is not established. 
In order to conduct constructive discussion, the relevant 
parties need to understand their perception of the structure of 
service failure factors and to achieve a consensus regarding 
the structure. 
In order to support constructive discussion, we propose a 
method to visualize each person’s perception of the structure 
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of service failure factors. This method will enable relevant 
parties to identify common parts and/or differences among 
their recognitions and then to reach a consensus on the 
structure of service failure factors. 
2. Service failure  
The definition of service failure is different for each 
research field. For example, in service marketing, service 
failure is defined as an operational mistake. Service marketing 
especially focuses on service recovery, which means how to 
recover from operational mistakes [3, 4]. In the field of 
reliability engineering, Masuda defines service failure as a 
service defect [5]. On the other hand, Yokoyama defines 
service failure as the dissatisfaction customers experience 
during the service offering [6]. 
 In this study, we assume that the fundamental 
interpretation of product failure and service failure is 
essentially the same, because services can be considered as 
artifacts in the same manner as physical products. Therefore, 
services and physical products should not be dealt with as 
different things. Consequently, in this study, the definition of 
failure by the International Electrotechnical Comission (IEC) 
[7] is extended for service failure. IEC defines a product 
failure as “the termination of the ability of an item to perform 
a required function.” From the viewpoint of services, 
application of the word “item” in the IEC’s definition needs to 
expand. Specifically, in the IEC’s definition, an “item” refers 
to a part of a physical product or system, such as any part, 
component, or functional unit. For defining a service failure, a 
human being should also be included in the “item,” since 
service functions are performed by not only physical products 
but also human beings. Here, human beings include service 
providers and customers, because the activities of a customer 
can also cause service failures. 
Based on the above, this study defines a service failure as 
the termination of an item’s ability to perform a function 
intended by the service designer. Here, intended function 
means the function designed to fulfill the target customer 
requirement. The word “item” here refers to service providers, 
customers, physical products, and systems. 
3. Existing study 
3.1. Service realization structure 
In service engineering, service is defined as an activity 
between a service provider and a service receiver that changes 
the state of the receiver. Namely, the state of the receiver 
changes when he or she receives tangible or intangible items. 
In this definition, a receiver is satisfied when his or her state 
changes to a desirable state. In service engineering, the target 
receiver’s state is represented as a set of parameters called 
receiver state parameters (RSPs) [8–10]. 
In addition, a sub-model, called a view model, has been 
proposed to represent a realization structure for changing an 
RSP. The functions in a view model are expressed by function 
parameters (FPs). FPs represent the target parameters of 
functions; therefore, these functions are evaluated by the value 
of the FPs. Furthermore, FPs are associated with attribute 
parameters (APs) that represent the attributes of entities. 
Entities actualize service functions in the view model. Entities 
are not only physical products but also facilities, human 
resources, and information systems. Figure 1 shows an 
example of a view model that describes a part of the 
realization structure of a coffee-shop service. As shown in Fig. 
1, the RSP in this case is a comfortable environment. 
Functions are described hierarchically in order to change the 
RSP. At first, two functions, “control environmental sound” 
and “prepare a seat,” are deployed as functions to change the 
RSP in this example. Moreover, “control environmental sound” 
was divided into two functions: “wait on a customer” and 
“play music.” In addition, the FP of each lowest function is 
associated with an entity. For example, “volume of voice,” 
which is an attribute of floor staff, is linked to the lowest 
function, “wait on a customer.” The view model enables 
designers to determine relationships between functions and 
entities. 
 
Fig. 1. An example of a view model. 
3.2. Service failure factors extraction template 
 ComfortableEnvironment
Volume of 
environmental sound
Seating comfort 
Size per customer
Prepare a table
Chair comfort
Prepare a chair
Chair
Height
Material Desk
Area
Prepare a seat
Wait on a customer
Play music
Volume of voice
BGM
Volume
Floor staff
Volume of voice
Control environmental sound
Shape
Volume of BGM
RSP (Value)
CoP (Function Parameter)
ChP (Function Parameter)
Attribute Parameter
Causal Relation
Function
Entity
Legend
Table 1. Service failure factors extraction template. 
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In general, the number and quality of extracted failure 
factors are influenced by designers’ abilities and experience. 
For the extraction of failure factors, designers use “knowledge 
with regard to failure” and “predictive ability” [11]. The 
former is supported by building a knowledge database with a 
unified form that enables designers to reuse knowledge about 
failure. On the other hand, “predictive ability” can be 
supported by giving multidirectional viewpoints. In order for 
designers to obtain the multidirectional viewpoints, a “service 
failure factors extraction template” is proposed [12]. This 
template adopts the failure classification of faults ontology 
that consists of “time,” “result,” and “causes” [13]. The “time” 
viewpoint means a point in time when one service component 
transitions to a state of failure. The “result” viewpoint means 
the result that the influence of the fault propagated in the 
whole system. The “cause” viewpoint is divided into 
mandatory cause and optional cause. Mandatory cause is a 
case in which the state change of the service component never 
happens if this cause does not exist. Optional cause is a cause 
that accelerates a state change. 
3.3. Interpretive Structural Modeling (ISM) 
ISM is a structured method for system modeling that was 
developed by the Battelle Memorial Institute in the United 
States [14]. ISM enables system analysts to visualize the 
overview of relationships between elements by conducting 
paired comparisons. This method consists of three steps. The 
first step is making an adjacency matrix by conducting paired 
comparisons among the elements based on the recognition of 
an analyst in order to identify direct relationships among them. 
The adjacency matrix consists of qualitative values of only 0 
and 1: 1 expresses that there is a direct effect between 
elements; 0 means that there is no relationship between 
elements.  
The second step is creating a reachability matrix in order to 
identify not only direct relations but also indirect relations 
among elements. In numerical formula (1), the reachability 
matrix is T when A is an adjacency matrix and E is the 
identity matrix. Calculation of the numerical formula (1) is 
based on Boolean algebra. The last step is describing a 
hierarchical directed graph by referring to both the adjacency 
matrix and the reachability matrix. In this study, it is 
necessary to grasp an overview of the relationships among 
failure factors in order to visualize the analyst’s recognition of 
them. Therefore, ISM is applied to this study as a 
visualization method for the analyst’s recognition. 
 
T)()()( 11   z  rrr EAEAEA (1) 
4. A method for analyzing service failure factors based on 
multiple perspectives 
4.1. Outline 
In order to support a constructive discussion, we propose a 
method to visualize the analyst’s recognition of the structure 
of service failure factors. This method consists of five steps. 
In step 1, service failures are specified by constructing a view 
model. In step 2, service failure factors are extracted from 
multiple viewpoints using the service failure factors extraction 
template. In step 3, personal recognition of service failure 
factors is represented using ISM. In step 4, common 
recognition and difference recognition are identified. In the 
last step, parties engage in discussion based on their 
hierarchical directed graph in order to reconcile their 
recognitions in consideration of the common recognition 
and/or difference recognition identified in step 4. 
4.2. A procedure for analyzing service failure factors based 
on multiple perspectives 
Step 1: Specification of service failure 
In this method, service failures are specified by 
constructing a view model. As mentioned above, a service 
failure is defined as the termination of an item’s ability to 
perform a function intended by the service designer. The term 
“item” in the definition of service failure corresponds to an 
entity in a view model. Furthermore, “function intended by 
the service designer” in above definition corresponds to 
functions in a view model. Therefore, loss of the lowest 
functions in the view model can be considered a service 
failure. In this study, therefore, a service failure is represented 
by the negative expressions of the lowest functions in the 
view model. 
Step 2: Extraction of service failure factors 
In this step, service failure factors are extracted from 
multiple viewpoints using the service failure factors extraction 
template that is introduced in section 3.2. If the expressions of 
some factors are similar, these factors can be integrated as one 
factor. 
Step 3: Identification of personal recognition of service 
failure factors 
In this step, personal recognition of service failure factors is 
represented using ISM. Namely, individual recognition about 
relationships among service failure factors is visualized as a 
hierarchical directed graph. When the graph is constructed, 
different colors and line types are assigned to each party in 
order to distinguish them from the recognitions of others. 
Step 4: Identification of common recognition and 
difference recognition 
In this step, common recognition and difference recognition 
are identified. Specifically, if some parties have the same 
recognition, the arrow that shows the same recognition is 
added in each graph in the assigned color. When all parties 
have the same recognition, the arrow that shows the same 
recognition is displayed as a bold line in the graph (see Fig. 2). 
By these operations, common recognition and difference 
recognition are identified. Figure 2 shows an example of the 
visualization result of each analyst’s recognition. In Fig. 2, the 
nodes with a number express a failure factor, and the arrow 
between factors expresses causal relationships among factors. 
For example, all three hierarchical directed graphs have a 
common recognition for the causal relationship between 
factors 7 and 5 and factors 9 and 4. These causal relationships, 
therefore, are shown as bold lines in each graph. On the other 
hand, when comparing the blue (left in Fig. 2) and green 
(center in Fig. 2) graphs, the structure of two graphs is quite 
different. Namely, the recognition of the party that constructs 
238   Junpei Saito et al. /  Procedia CIRP  16 ( 2014 )  235 – 240 
the blue graph is greatly different from that in the green graph. 
Therefore, discussion needs to be conducted in order to 
achieve a consensus between the parties who constructed the 
blue and green graphs. On the other hand, the recognition of 
party of the red graph is involved in both blue and green 
graphs. Accordingly, it is expected that the red analyst 
coordinates discussion to achieve a consensus among them. 
 
 
Fig. 2. An example of visualization of recognitions. 
 
Step 5: Discussion based on hierarchical directed graphs 
In this step, parties engage in discussion based on their 
hierarchical directed graph in order to reconcile their 
recognitions in consideration of the common recognition 
and/or difference recognition identified in step 4. This 
discussion aims to construct a hierarchical directed graph 
based on their agreement. Namely, the reconciled recognition 
of three analysts is visualized as a hierarchical directed graph. 
However, the causal relationships among factors can be 
different due to the time or situation of service offering. In this 
case, multiple hierarchical directed graphs are created based 
on the conditions of service offering. In this discussion, if 
there is a different point among recognitions of analysts, 
analysts discuss it based on the following three viewpoints to 
create agreement: 
x  Do you have enough information to explain causal 
relationships among service failure factors? 
x  Don’t you assume different situation of service offering in 
a service failure?  
x  Don’t you misunderstand causal relationships among 
failure factors? 
5. Application 
In this section, the proposed method is applied to a nursing-
care service. In this application, three subjects discussed 
failure factors regarding the nursing-care service. First, a view 
model was constructed. “Live in security” was derived as an 
RSP, and functions were described. As mentioned above, 
service failures are identified by converting the lowest 
functions in the view model into a negative expression. In this 
application, we focused on “inability to share information 
about patients” as a service failure. Ten service failure factors 
were extracted using the service failure factors extraction 
template (Table 2). 
Table 2. Identified service failure factors. 
 
 
In order to identify direct relationships among the 10 
extracted failure factors, adjacency matrixes were made by 
conducting pair comparisons. Then, an adjacency matrix was 
converted to a reachability matrix. Finally, hierarchical 
directed graphs were constructed. Three colors (blue, green, 
and red) were assigned to each subject. Next, common 
recognition and difference recognition were reflected in each 
hierarchical directed graph with an assigned color and line 
type (Fig. 3). In the graphs, bold arrows express a common 
recognition of all subjects.  
Next, based on the graphs (Fig. 3), subjects discussed the 
service failure factors from the three viewpoints, as mentioned 
in step 5, and made a new adjacency matrix based on their 
consensus. As shown in Fig. 3, subjects A and C recognized 
that factor 10, “Lack of leadership,” was caused by factor 2, 
“Lack of communicative competence.” However, subject B 
recognized that factor 2 was an independent factor and had no 
relationship to the others. Furthermore, subject B insisted that 
although factor 2, “Lack of communicative competence,” has 
a negative influence on a leader’s ability to keep a rein on 
employees, factor 2 does not influence the ability to lead in 
factor 10. Subjects A and C agreed with this recognition of B. 
As a result, the subjects concluded that there is no relationship 
between factor 10 and factor 2. This discussion started from 
the third viewpoint in step 5: “Don’t you misunderstand causal 
relationships among failure factors?” Moreover, the 
recognition of factor 3, “Interrupts other work,” was also 
different among subjects. Subjects A and C recognized that 
factor 3 was an intermediate element that was influenced by 
lower factors and influenced the higher factor. On the other 
hand, subject B recognized that factor 3 was the lowest failure 
factor. This difference was generated by supposing a different 
situation of service offering. This situation could be clarified 
by the second viewpoint in step 5: “Don’t you assume a 
different situation of service offering against a service failure?” 
Therefore, factor 3 was divided into two cases. Case 1 is that 
factor 3 was understood as a regular task. In case 2, factor 3 
was understood as an event. 
Subjects made an adjacent matrix based on their agreement. 
After that, the adjacency matrix was converted into a 
reachability matrix, and a hierarchical directed graph was 
constructed (Fig. 4). 
6. Discussion 
ᵏ
ᵐ
ᵑ
ᵒ
ᵓ
ᾅ ᵏ
ᵐ ᵑ
ᵒᵓ
ᾅ
ᵏ
ᵐ
ᵑ ᵒ
ᵓᾅ
ᾆ ᾇ
ᾈ
ᾆ ᾇ ᾈ
ᾆ
ᾇ ᾈ
Failure Factors
䐟 Lack of employees for the leader 䐤 Cannot arrange the information for handing over
䐠 Lack of communicative competence 䐥 Does not understand the importance
䐡 Interrupts other work 䐦 Corner-cutting of the employee
䐢 Lack of concentration 䐧 Impoverishment of the employee
䐣 A lower priority duty 䐨 Lack of leadership
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As shown in the application, our method identified 
common and different recognitions of the subjects and 
supported the discussion on relationships among failure 
factors. Although our method can visualize the relationships 
between failure factors, which factor is most critical and 
should be addressed is not clear from the hierarchical directed 
graphs. Therefore, it is not easy to judge which factors should 
be focused in order to take preventive measures. To solve this 
problem, future efforts include determining the critical factor 
from the viewpoint of effect and cost discussed in the quality 
engineering field [2]. 
In addition, the scope of this application was limited. 
Specifically, this paper focused on only three subjects and 10 
service failure factors. However, if the number of subjects and 
failure factors is increased, a hierarchical directed graph 
would be quite complicated. This complication could lead to 
overlooking causal relationships among service failure factors. 
Namely, there is a possibility of not achieving a consensus 
based on the discussion. To cope with this problem, for 
example, subjects are divided into groups based on attributes 
such as the subject’s status or position, and then the proposed 
method is applied to each group. This operation could 
decrease the complexity of the hierarchical directed graph. For 
example, in the case of nursing-care service, our method can 
be applied to each position, such as director of facilities, care 
manager, nurse, and helper. In addition, to limit the points of 
discussion based on complicated hierarchical directed graphs, 
the graphs need to be divided into several parts and then 
assigned to relevant groups. 
7. Conclusion 
In order to realize highly reliable service, this paper 
proposed a method for analyzing service failure factors based 
on multiple perspectives. Specifically, the method supported 
discussion to reconcile the recognition of relevant parties by 
visualizing their recognitions of failure factors. The proposed 
method was applied to a nursing-care service. The result of 
this application showed that this method can support the 
discussion of service failure factors. Future efforts include 
Fig. 3. Recognition of each subject. 
Fig. 4. Relationships between failure factors agreed upon by all subjects. 
Case1: Factor3 is understood
as a regular task
Case2: Factor3 is understood
as an event
2
7
51
3
9
4
8
6
10
7
5
1
3
9
4
8
6
10
2
Subject A Subject B Subject C
2
7
51
3
9
4
86
10 2
75
1
3 94
8
6
10
2
7 5
13
9
4
8
6
10
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developing a method for determining the service failure factor 
that should be addressed in order to prevent service failure 
from occurring. On the other hand, in the manufacturing field, 
the proposed method is expected to settle the conflict of the 
opinions among designers and help their discussion. Since the 
proposed method can identify common recognitions and 
difference recognitions of designers. However, the 
applicability of the proposed method is not clear. Therefore, 
verifying the effectiveness of this method in the 
manufacturing field should also be included in future studies. 
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